Preparation of Sertoli Cells and Islet Cells
All animal experiments were approved by the Kyoto University Animal Care
Committee. Sertoli cells were isolated from BALB/c mice (7-day-old male mice; Japan SLC, Inc., Shizuoka, Japan) by Korbutt's method (8) . Briefly, testes were collected from mice, chopped into paste with scissors, and digested for 10 minutes at 37°C in a collagenase solution (2.5 mg/mL in HBSS). The digested tissue was washed with HBSS supplemented with 1 mM EDTA (HBSS/EDTA) and 0.5 % bovine serum albumin, and cells were resuspended in a trypsin (25 g/mL) and DNase (4 g/mL) solution in HBSS/EDTA and digested further for 10 minutes at 37°C. Finally, the cells were washed with HBSS. The final cell pellet was resuspended in Medium 199 supplemented with 10% FBS, 100 units/mL penicillin, and 100 g/mL streptomycin.
The cells were cultured in the medium for 3 days after isolation.
To identify Sertoli cells, the isolated cells were immunohistochemically stained for GATA-4, which is a transcription factor that is abundantly expressed in the nuclei of Sertoli cells (16, 17) . The cells were fixed in 4% formalin solution at 37°C for 15 minutes, permeabilized by treatment with 0.2% Triton X-100 in PBS at room temperature (RT) for 15 minutes, treated with Blocking One for 1 hour to block nonspecific binding of antibodies, and then washed with PBS. The cells were immersed in 2% polyclonal goat anti-mouse GATA-4 in Blocking One and left for 1 hour at RT, followed by washing with PBS. The cells were incubated with fluorescently labeled secondary antibody (0.2% Alexa 488-labeled rabbit anti-goat IgG in Blocking One) at RT for 1 hour, followed by washing with PBS containing 0.05% Tween-20. Cell nuclei were counterstained with Hoechst 33258. The stained cells were observed under a fluorescence microscope (IX71, Olympus Optical, Co., Ltd., Tokyo, Japan). The proportion of GATA-4-positive cells was determined by counting 300 cells.
Islets were isolated from BALB/c or EGFP-transgenic C57BL/6 mice (6-8-week-old male mice; Japan SLC, Inc., Shizuoka, Japan) by the collagenase digestion method (31). Briefly, a collagenase solution (0.5 mg/mL in HBSS) was injected into each mouse pancreas through the bile duct and then collected from the mouse and incubated for 18 minutes at 37°C for digestion. After the digested tissue had dissociated into pieces, the tissue was washed with HBSS and the islets were isolated from the digestion reaction using Ficoll density gradient purification. The isolated islets were cultured for 2 days in RPMI 1640 supplemented with 10% FBS, 100 units/mL penicillin, and 100 g/mL streptomycin to remove cells damaged by the isolation procedure.
Islets were disintegrated into single cells by treatment with 1 mL of a trypsin solution (500 g/mL in HBSS) at 37°C for 2 minutes then pipetted with a Pasteur pipette to apply mechanical force after addition of 1 mL medium. The single cells were resuspended in RPMI 1640 supplemented with 20% FBS, 100 units/mL penicillin, and 100 g/mL streptomycin. The islet cells were immunohistochemically stained for insulin to visualize -cells, which are insulin-producing cells. The cells were fixed in 4% formalin solution at 37°C for 15 minutes, permeabilized with 0.2% Triton X-100 in PBS at RT for 15 minutes, treated with Blocking One for 1 hour to block nonspecific binding of antibodies, and washed with PBS. The cells were treated with 1% polyclonal guinea pig anti-swine insulin in Blocking One for 1 hour at RT and followed by washing with PBS. The cells were incubated with fluorescently labeled secondary antibody (2% TRITC-labeled rabbit anti-guinea pig IgG in Blocking One) at RT for 1 hour, followed by washing with PBS containing 0.05% Tween-20. Cell nuclei were counterstained with Hoechst 33258. The stained cells were observed under a fluorescence microscope (IX71, Olympus Optical, Co., Ltd., Tokyo, Japan).
Co-aggregation of Sertoli Cells and Islet Cells
Sertoli cells were detached from culture dishes by treatment with a trypsin solution and collected by centrifugation (180 × g, 3 min at 25°C). The cells were then resuspended in RPMI 1640 supplemented with 20% FBS, 100 units/mL penicillin, and 100 g/mL streptomycin at densities of 1500 or 3000 cells/15 L. Cells that were obtained by disintegration of islets were resuspended in RPMI 1640 supplemented with 20% FBS, 100 units/mL penicillin, and 100 g/mL streptomycin at densities of one half or 1 islet/15 L. These suspensions of Sertoli cells and islet cells were mixed together and the cells were applied to a lid of a petri dish in 30-L drops and cultured for hanging drop tissue culture for 4 days in a humidified incubator at 37°C in an atmosphere of 5% CO 2 /95% air. To visualize the localization of Sertoli cells and islet cells in the aggregates, Sertoli cells were stained prior to visualization by CellTracker™ Orange according to the manufacturer's instructions, and islets isolated from EGFP-transgenic mice were used. The co-aggregates (each aggregate comprised 3000 Sertoli cells and islet cells from one islet) were observed under a confocal laser scanning microscope (FluoView, FV10i, Olympus Optical Co. Ltd., Tokyo, Japan).
Activin A and Insulin Secretion by Co-aggregates
Fifty co-aggregates (each aggregate comprising 3000 Sertoli cells and islet cells from one islet) were incubated in serum-free RPMI 1640 at 37°C for 24 hours.
The supernatants were collected, and the Activin A concentrations were determined by ELISA according to the manufacturer's instructions. Supernatants from cultures of 50 unmodified islets were used as a reference. The 50 co-aggregates were exposed sequentially to solutions of 0.1 g/dL, 0.3 g/dL, and 0.1 g/dL glucose in Krebs-Ringer's buffer (KRB) with incubation for 1 hour at 37°C for each solution.
The supernatants were collected, and the insulin concentrations were determined by ELISA according to the manufacturer's instructions. The same glucose stimulation test was performed using 50 unmodified islets as a reference.
Intraportal Transplantation of Co-aggregates
C57BL/6 mice (8 week old male mice; Japan SLC, Inc.) were used as recipients. C57BL/6 mice were induced diabetic by a single intraperitoneal injection of STZ (120 mg/kg body weight in citrate buffer, pH 4.2) 3-5 days before transplantation. Mice were used as diabetic recpients when their plasma glucose levels exceeded 450 mg/dL in two consecutive measurements. The diabetic mice were anesthetized during surgery by mask inhalation of isoflurane using a specialized instrument (400 Anesthesia Unit; Univentor, Malta); the isoflurane concentration was 4.5% to 5.0% for induction and 2.0% for maintenance with an airflow rate of 200 mL/min.
A suspension of 800 co-aggregates (each co-aggregate made of 1500 Sertoli cells and islet cells from 1/2 islet) were infused into the portal vein and transplanted in the liver. As a control experiment, unmodified islets (400 islets /100 L) were infused through a portal vein. A total of 400 unmodified islets and or 800 co-aggregates that contained 1.2 x 10 6 Sertoli cells and islet cells from 400 islets were transplanted into each mouse to ensure that the number of islet cells was equal in the grafts. Plasma glucose levels were monitored every day during initial 30 days of the post-transplantation period, and were monitored every 2 days after that period.
Normoglycemia was defined when two consecutive plasma glucose level measurements showed less than 300 mg/dL. Blood was collected from recipients and centrifuged to obtain plasma. Insulin level in the plasma was determined by ELISA according to the manufacturer's instructions. Recipients were rendered to the IPGTTs at 30 days post-transplantation to evaluate glucose tolerance.
Histochemical Analyses
Some recipient mice were sacrificed at predetermined times after transplantation of the co-aggregates or unmodified islets. The livers were retrieved and immersed in 4% formalin solution for 2 days at RT. After the formalin solution was removed, the livers were dehydrated in alcohol solutions and embedded in paraffin. The livers were sliced into sections 4-µm in thickness. After deparaffinization, the sections were permeabilized with 0.2% Triton X-100 in PBS at RT for 15 minutes. The specimens were then treated with Blocking One for 1 hour followed by washing with PBS. Sections were treated with 1% polyclonal guinea pig anti-swine insulin in Blocking One for 1 hour at RT. The sections were then incubated with fluorescently labeled secondary antibody (0.2% Alexa 488-labeled goat anti-guinea pig IgG in Blocking One) at RT for 1 hour followed by washing with PBS containing 0.05% Tween-20. The stained specimens were observed under a fluorescence microscope (BX51, Olympus Optical Co., Ltd., Tokyo, Japan). The specimens were also stained with HE using a conventional staining protocol.
